Formaldehyde is a ubiquitous environmental pollutant and is probably carcinogenic to humans. Exposure to formaldehyde was investigated in the general population with personal as well as stationary measurements. The results from two campaigns in two Swedish cities are presented, including measurements of personal exposure among a total of 65 randomly selected subjects together with simultaneous measurements of individual indoor and outdoor concentrations. Diffusive GMD samplers were placed in the breathing zone, in the participants' bedrooms, and outside their homes for 24 h in campaign A and six days in campaign B. Repeated measurements were also conducted in order to study the variability between and within individuals. Median personal exposure to formaldehyde was 22 mg/m 3 (campaign A) and 23 mg/m 3 (campaign B), which is within the guideline value range of 12-60 mg/m 3 proposed in Sweden. Bedroom concentrations were generally slightly higher than personal exposure, while outdoor concentrations (measured only in campaign B) were low. In campaign B, the stationary measurements were used to model personal exposure. Bedroom concentrations were found to explain 90% of the variation of the measured personal exposure and predicted personal exposure nearly as well as an extended model that also included the outdoor contribution. Subjects living in single-family houses had significantly higher exposure to formaldehyde compared with subjects living in apartments. The 24-h and 6-day sampling periods yield a relatively low within-individual variability for formaldehyde measurements with GMD samplers. 
Introduction
Exposure to formaldehyde is ubiquitous, with indoor levels generally higher than outdoor levels (WHO, 2000) . In ambient air, formaldehyde is a product of photo-oxidation of hydrocarbons (Seinfeld and Pandis, 1998) with levels below 1 mg/m 3 in remote areas (IARC, 1995) . In populated regions, the main sources are anthropogenic, for example, exhausts from vehicles without catalytic converters (WHO, 2000) . Formaldehyde is widely used in the production of chemicals and in the manufacturing of wood. Its largest use is in the production of resins based on urea, phenol, and melamine. Formaldehyde-based resins are used as adhesives, varnishes, and impregnating resins in the manufacture of pressed-wood products such as particleboard, plywood, and medium density fiberboard (MDF) (IARC, 1995) . When these products are used as building materials and in furniture, formaldehyde is introduced into indoor air. In addition, tobacco smoke, heating, and cooking may contribute to elevated indoor levels of formaldehyde (WHO, 2000) . Formaldehyde-based resins are also used in the textile, paper, leather, rubber, and cement industries, and significant formaldehyde exposure also occurs in many occupations (IARC, 1995) .
Exposure to formaldehyde may cause irritation to the eyes, skin, nose, and throat. A significant increase in symptoms of irritation occurs at levels above 0.1 mg/m 3 in healthy subjects, but there is a substantial variation in individual responses. Higher formaldehyde levels are associated with general discomfort, lachrymation, sneezing, coughing, nausea, and dyspnea, and concentrations above 60 mg/m 3 may be lethal. Formaldehyde has a pungent odor and most individuals (90%) can smell it at concentrations of 0.6 mg/m 3 (WHO, 2000) . Formaldehyde is a known animal carcinogen and is classified as probably carcinogenic to humans (group 2A) by the International Agency for Research on Cancer (IARC, 1995) . The aim of this study was to investigate personal exposure to formaldehyde in the general population and its variability and determinants as well as indoor and outdoor concentrations. Another aim was to model personal exposure from surrogate measures such as indoor levels.
Methods
This study is based on two sampling campaigns performed in October-November, 1999 (campaign A) and 2000 (campaign B) . In total, 64 subjects living in two Swedish cities, Bora˚s (100,000 inhabitants, campaign A) and Go¨teborg (500,000 inhabitants, campaign B), were included to assess exposure of the general population to formaldehyde. The number of individuals was based on power calculations. The study was approved by the Ethics Committee at Go¨teborg University.
Subjects
Participants aged 20-50 years were randomly selected from population registers. After a mailed request and telephone contact 14/19 individuals agreed to participate (74%) in campaign A and 40/56 (71%) in campaign B. In campaign A, measurements were also performed for 10 volunteers (ages 27-54 years) working at the Department of Occupational and Environmental Medicine in Go¨teborg. Age, sex, and background information gathered from questionnaires (see below) are presented in Table 1 .
Sampling
The diffusive GMD Model 570 sampler (GMD System Inc., Hendersonville, PA, USA) was used to measure exposure to formaldehyde (Levin et al., 1988) . In campaign A, we used the standard sampler (0.7 mg DNPH/filter), which has been used for 24-h sampling of low concentrations of formaldehyde in air (Lindahl et al., 1999) . This sampler was modified by adding an extra amount of reagent (3.5 mg DNPH/filter) to the filter for the extended sampling time (6 days) in campaign B. The diffusive sampler has been thoroughly validated for 8-h measurements in air in the range 0.07-3.7 mg/m 3 (Levin et al., 1988) , and also for 7-day measurements (modified sampler, concentrations 5 and 50 mg/m 3 ) in a laboratory exposure chamber (unpublished results), including one experiment with 50 ppb of ozone. The mean sampling rate was 20.5 ml/min with a coefficient of variation of 8.6% (N ¼ 16). No negative effects of ozone could be seen. The sampling rates used were 25.2 and 20.5 ml/min for 24-h and 6-day measurements, respectively.
In campaign A, personal as well as bedroom measurements were taken during 24-h periods, while campaign B also included outdoor measurements at 20 participants' homes. The sampling period in campaign B was extended to 6 days. Saturdays and Sundays were included with a fraction corresponding to the normal ratio of weekends/weekdays and the measurements started on random days. In both campaigns repeated personal measurements (campaign A: n ¼ 10, campaign B: n ¼ 20) were performed for subjects living in both apartments and single-family houses in order to study the variability between and within individuals. In addition, repeated measurements were taken in nine bedrooms in campaign A. The interval between measurements was approximately 1 week in campaign A and 2 weeks in campaign B. Stationary outdoor measurements were also performed at two places located in the center of Go¨teborg, the city in campaign B.
For personal measurements the sampler was placed in the breathing zone, but at night it was placed close to the bed. Bedroom measurements were performed with the sampler hanging at least 1.5 m above the floor and at least 0.5 m away from lamps, walls, and windows. For outdoor measurements the sampler was placed on a balcony or a terrace and protected from rain. Before and after 
Analyses
Formaldehyde was analyzed using an HPLC system, consisting of two Waters M-6000 pumps and a Waters M-710 B autosampler with UV detection (Levin et al., 1988) . The aldehyde-DNPH hydrazone was eluated from the filter with acetonitrile and separated on a Spherisorb ODS 2 (150 Â 4.6 mm id) (Phase Separations, Queensferry, Clwyd, UK) column using a mobile phase of 65% methanol in water at a flow rate of 1.0 ml/min. The hydrazone was detected with an adsorbance detector (Waters, USA) at 365 nm and evaluated with Waters Millenium data system. The detection limit of the method was 0.1 mg/sample. This results in a detection limit of 2.8 mg/m 3 for 1-day measurements and 0.6 mg/m 3 for 6-day measurements. The value assigned to nondetectable concentrations was defined as the detection limit divided by the square root of 2 (Hornung and Reed, 1990) .
Statistics
Group comparisons of paired observations (between locations, e.g., personal versus bedroom) were performed using Student's t-test. For unpaired observations (e.g., apartments versus single-family houses) the Wilcoxon rank-sum test was used. The Spearman rank correlation coefficient was used to express correlations between bedroom and personal levels and between repeated measurements. Statistically significant refers to Po0.05 in two-tailed tests.
The within-individual (s 2 Within ) and between-individual (s 2 Between ) components of variance were estimated using analysis of variance (Proc Nested procedure of SAS, balanced data) of log-transformed personal exposure levels. From the variance ratio (l) of the estimates of the variance components and the number of repeated measurements per subject (n), the attenuation (b) of the slope of the exposureresponse relationship in a simple linear regression model can be calculated according to Eq. (1) (Rappaport et al., 1995) . With knowledge of the variance ratio, the number of measurements (n) per subject that would be required to reduce the bias (bias ¼ 1Àb) to 10% (b ¼ 0.9) of the true underlying relationship was calculated using estimates of the variance components according to Eq. (1),
where b t is the true regression coefficient,
Between , and n the number of measurements obtained from each subject.
The measured personal exposure (MPE) is dependent upon time spent in a certain environment and the formaldehyde concentration in each environment. It is therefore possible to calculate an estimated personal exposure (EPE) from bedroom and outdoor formaldehyde concentrations and the time spent in these microenvironments. The stationary data and information from the diaries in campaign B were used to estimate the personal exposure with three different models. In model 1 the personal exposure was estimated from the bedroom concentrations (C home ). In model 2 a time-weighted EPE was estimated by multiplying the times the individuals spent at home (t home ) and outdoors (t out ) by the individual C home and the median outdoor concentration (C out ), respectively, and summarize these contributions. The median C out , 4 mg/m 3 (Table 2) , was used as an estimate for the individual outdoor concentrations. An extended model (model 3) also includes the time subjects spent in other indoor environments than their homes (t other ), for example, workplaces and shops. The concentration was assumed to be similar to the median bedroom concentration in apartments, 25 mg/m 3 . EPE ¼ C i;home ðmodel1Þ The ability to predict personal exposure levels of three different models was investigated with regression analysis. The agreement between the measured and estimated personal exposure levels was also evaluated as the intraclass correlation coefficient (ICC), estimated as the between-pair variance divided by the sum of within-and between-pair variance components.
Results
In campaigns A and B, a total (included the repeated measurements) of 93 personal, 73 bedroom, and 30 outdoor samples were analyzed, and all except one outdoor sample had detectable amounts of formaldehyde. Results from 24-h personal and bedroom samples in campaign A (round 1) are presented in Table 2 together with results from campaign B (round 1), where personal exposure, bedroom, and outdoors levels were measured during a 6-day period.
Background Data, Diary, and Weather
Background information and the percentage of sampling time that participants spent in different environments are presented in Table 1 for each of the two measurement campaigns. In campaign A three out of the 22 nonsmokers stated that they had been exposed to ETS up to 8% (range 0.3-2 h) of the sampling day. In campaign B, 10 out of the 26 nonsmokers had been exposed to ETS but only for a limited time, o2% (range 0.1-3 h) of the 6 days. Only three of the participants in the two campaigns were exposed to smoke from wood burning. The participants in campaign A and campaign B spent on average 92% and 91% of the sampling period indoors. Average time spent in heavy traffic areas was 1% (0.3 h, range 0-2 h) in campaign A and 2% (2.3 h, range 0-13.5 h) in campaign B.
During campaign A (2-week period) the mean temperature was 4.31C (range 1-71C) and the wind speed was 3.4 m/s. Except for small amounts of precipitation (1.0 mm/day), the weather was normal for this period. During campaign B (2-month period) the mean temperature was 8.81C (range 4-181C), with an average wind speed of 4.3 m/s. The precipitation was unusually large, on average 6 mm/day, and the mean temperature was higher than normal (6.11C) for this season.
Personal Exposure Levels
In campaign A the median personal exposure to formaldehyde was 22 mg/m 3 with a 95% confidence interval (CI) of 15-29 mg/m 3 . A similar result, 23 mg/m 3 (95% CI 21-32 mg/ m 3 ), was found in campaign B (Table 2 ). One subject in campaign A was exposed to an average 24-h concentration of 566 mg/m 3 , which could be explained by occupational exposure to acid-curing paint. Repeated personal measurements (Figure 1 (Table 3) . Only 10% of the total variability for the 6 days of personal exposure measurements was attributable to the within-individual source of variation in campaign B. It was somewhat higher, 31%, in campaign A, when the sampling period was shorter (24 h). The number of measurements (n) per subject that would be required to reduce the bias to 10% of an underlying true exposure response analysis was calculated (Eq. 1). For a sampling period of 6 days, one measurement per subject is sufficient whereas four measurements per individual are needed for a 24-h sampling period. As can be seen in Figure 1 , the distribution of the personal formaldehyde concentrations was skewed.
Indoor Concentrations
In campaign A the median bedroom concentration, 23 mg/m 3 (95% CI 15-31 mg/m 3 ), was similar to the personal exposure level, while in campaign B the median bedroom concentration, 29 mg/m 3 (95% CI 24-35 mg/m 3 ), was slightly higher than the personal exposure level ( Table 2 ). The bedroom concentrations were clearly higher in single-family houses than in apartments (Figure 2 ). The differences were statistically significant both in campaign A (medians 34 and 18 mg/m 3 , P ¼ 0.02) and in campaign B (medians 47 and 25 mg/m particleboard as a building material in subfloor and partition walls. The within-bedroom variability for repeated measurements (n ¼ 9) was low, equal to 15% of the total variability.
Outdoor Concentrations
Ambient concentrations measured outside each participant's home were low, median 4.0 mg/m 3 (95% CI 3.3-4.5 mg/m 3 ), compared with both indoor concentrations and personal exposure levels (Table 2) . Similar outdoor concentrations were found in 10 1-week measurements at two stationary places located in the center of Go¨teborg, median 3.2 mg/m 3 (range 1.1-5.6 mg/m 3 ).
Comparisons Between Personal, Indoor, and Outdoor Concentrations
All differences between sampling locations (personal, indoors, and outdoors) were significant in campaign B, whereas no significant difference was found between the personal and bedroom measurements in campaign A. The subject with high occupational exposure in campaign A was excluded in all of these comparisons. A good correlation between personal and bedroom measurements was found in campaign B (N ¼ 40, r s ¼ 0.83, Po0.0001, see also below Figure 3a ) where 6-day monitoring was conducted. In campaign A with 24-h sampling and one occupationally exposed subject excluded, the correlation was lower and not statistically significant (N ¼ 23, r s ¼ 0.21, P ¼ 0.34). The difference in indoor concentrations found between residence types could also be shown for personal exposure levels in campaign A (medians 27 and 16 mg/m 3 , P ¼ 0.03) and in campaign B (medians 38 and 22 mg/m 3 , P ¼ 0.02). There was no significant difference in formaldehyde exposure between men and women, or between smokers and nonsmokers, even when subjects' residence types were taken into account. The same results were found for both personal and indoor concentrations. No impact on personal exposure levels could be shown for exposure to ETS or time spent in heavy traffic.
The relationship between bedroom and outdoor concentrations was investigated by calculating the indoor to outdoor ) by house type (single-family house or apartment) and campaign (A and B). The box plots show the 10th, 25th, 50th (i.e., the median), 75th, and 90th percentiles. ratio (I/O) for the 20 subjects in campaign B, where measurements were conducted outside their homes. The median I/O ratio was 8.3 (95% CI 6.9-11).
Models for Estimating Personal Exposure
Personal exposure was estimated with three different models using information on concentrations and time spent in different environments. All three models showed a high correlation between EPE and MPE (Figure 3a) . In model 1, where only the bedroom concentrations were used, the correlation between MPE and EPE was nearly as good as for the other two models but the first two models overestimated the slope. This is shown in the plot of the difference between the EPE and MPE against their mean, Figure 3b (Bland and Altman, 1986) . All three models showed high ICC values (model 1: 0.86, model 2: 0.88, model 3: 0.91).
Discussion
In this study, personal exposure to formaldehyde as well as simultaneously measured levels in the subject's bedrooms and outside their homes were investigated in the general population in two Swedish cities. Personal exposure was generally lower than bedroom concentrations but much higher than outdoor concentrations. The bedroom concentrations were higher in single-family houses compared to apartments and resulted in higher personal exposure in subjects living in single-family houses.
Personal Exposure, Bedroom, and Outdoor Concentrations
The personal exposure levels, median 23 mg/m 3 and mean 28 mg/m 3 (N ¼ 63, outlier excluded in the mean), are in agreement with earlier studies from France, Sweden, Finland and the USA (Gonzalez-Flesca et al., 1999; Lindahl et al., 1999; Jurvelin et al., 2001; Kinney et al., 2002) . If occupational exposure occurs, the levels may of course be much higher. In our study, one subject had a high 24-h average personal exposure (566 mg/m 3 ). He had been occupationally exposed during spray-painting with acidcuring paint, which emits formaldehyde during the curing process. In Sweden, the threshold limit value (TLV) for a whole workday is 600 mg/m 3 , and this subject must thus have been exposed above this limit value.
Active smoking and exposure to ETS as well as indoor combustion (cooking, wood burning) may contribute to personal exposure. In this study, we found no impact from these sources on either the indoor concentrations or personal exposure, but only three subjects were exposed to smoke from wood fire. Le´vesque et al. (2001) found no higher levels of formaldehyde in homes with wood-burning appliances. Time spent in areas with heavy traffic was not associated with elevated personal exposure levels. The contribution of formaldehyde from this source was possibly overshadowed by the indoor sources. However, for policemen working outdoors on foot in the center of the French city of Grenoble personal exposure during a work shift was in the same range as the 24-h personal exposure in our study (Maıˆtre et al., 2002) . This finding indicates that traffic could be an important source of exposure to formaldehyde.
Bedroom concentrations, 20-30 mg/m 3 , were in general higher than personal exposure in this study, which is in agreement with a few previous reports (Gonzalez-Flesca et al., 1999; Jurvelin et al., 2001 ). There was a significant difference in bedroom concentrations between apartments and single-family houses. Since personal exposure is highly influenced by indoor concentration, subjects living in singlefamily houses had higher levels of personal exposure compared to subjects living in apartments. A difference by type of residence has been reported in two other Swedish studies (Lindahl et al., 1999; Norle´n and Andersson 1993) . The higher levels in single-family houses may be caused by, for example, building materials, age of the source material, ventilation rates, indoor temperature, and relative humidity, which all affect indoor levels of formaldehyde (IARC, 1995) . A study of Swedish housing indicates that apartments have higher temperatures and ventilation rates compared to singlefamily houses, whereas single-family houses have higher relative humidity (Norle´n and Andersson, 1993) . The formaldehyde emission rate from materials increases with temperature and relative humidity (Godish and Rouch, 1986) , whereas higher ventilation rates reduce the indoor levels (Salthammer et al., 1995) . Formaldehyde-bonded resin products such as particleboard, MDF, and plywood are used as flooring and wall paneling, for cabinetwork and in furniture, and may emit formaldehyde (Brown et al., 2002) . As the material ages, the emission decreases. The apartments in the study were slightly older than the singlefamily houses, but no effects of the age of buildings were observed. Since the late 1980 s, formaldehyde emissions from wood products have been restricted in Sweden and the limit is comparable to the German E-1 classification applied in Europe (IARC, 1995) . Other formaldehyde-containing products that may contribute to indoor levels include paper products, wood finishes, deodorants, fabric dyes, air freshener, cleaners, permanent press clothing, pesticides, and preservatives (Hess-Kosa, 2002) . Indoor ozone chemistry has been shown to be of importance for indoor formaldehyde levels. Fan et al. (2003) found that formaldehyde is a major product when ozone, at concentrations observed in indoor settings, reacts with a volatile organic compound (VOC) mixture representative of compounds found in indoor air.
The outdoor levels of formaldehyde were low, with a median concentration of 4 mg/m 3 , and agree with levels found in France, Finland, and the USA (Gonzalez-Flesca et al., 1999; Jurvelin et al., 2001; Kinney et al., 2002) . Concentrations outside the subjects' homes were in the same range as the background concentrations measured in the center of Go¨teborg at roof-level. The ratio of indoor and outdoor concentrations (I/O) was similar to that reported in a US study in wintertime (Kinney et al., 2002) but lower than the ratio found in a Finnish study (Jurvelin et al., 2001) . The I/O ratio illustrates the overwhelming impact of indoor sources on personal exposure. Consequently, making human exposure estimates based on ambient air levels of formaldehyde may cause great underestimations as illustrated by the low mean exposure estimate (1.2 mg/m 3 ) by Bostro¨m et al. (1994) for the Swedish population.
Modeling Personal Exposure
The high correlation found between the bedroom concentrations and personal exposure in campaign B is a result of the large proportion of the sampling time the subjects spent at home, in combination with the relatively high bedroom concentration compared to outdoor levels. In our study subjects spent on average 65% of their time at home, with only a minor amount of time spent outdoors, 6% (Table 1) , which is within the range reported by the WHO (2000) . Concentration in the home is the most important factor determining the personal exposure of people not occupationally exposed. We estimated the personal exposure in campaign B (N ¼ 40, 6-day sampling) using three different models. The purpose of modeling personal exposure is to reduce effort for the researcher and the participants. Using the simplest model (model 1) with the bedroom concentration as a proxy of personal exposure, we were able to account for 90% of the variation in personal exposure (R 2 ). In model 2 we considered the time the participants spent outdoors and the R 2 increased to 91%. The small improvement is consistent with the short time spent outdoors, although for some subjects spending a large proportion of the sampling time outdoors, the model will improve the estimate. In model 3, we included other indoor environments by assuming the concentration to be in the same range as in the apartments in our study. This assumption is supported by two studies at workplaces (Sundell et al., 1993; Jurvelin et al., 2001) . Model 3 gave the best result and explained 92% (R 2 ) of the variation of measured personal exposure. It seems clear that personal exposure can be assessed from stationary measurements if no occupational exposure exists. If only bedroom concentrations were used, the estimate of personal exposure was nearly as good as the results using model 2 or 3 and this procedure could be recommended for most purposes. Two studies from Australia and Finland using indoor levels for predicting personal exposure also found relatively high R 2 -values (60% in Dingle, 1993; 61% in Jurvelin et al., 2001 ). In-vehicle exposure was neglected, but a Korean study found that vehicle interiors are important microenvironments for exposure to formaldehyde for commuters (Jo and Lee, 2002) . The ICC values close to 1.00 indicated very good agreements between the measured and estimated personal exposure.
Variability
Variability of exposure can be divided into at least two components of variability, the day-to-day variation for an individual (within-individual variation) and the variation between the mean exposure of the subjects (betweenindividual variation). With repeated measurements, the within-individual and between-individual components of variance can be estimated. This is important if the data are used for assessment of exposure-response relationships. In our study the between-individual source of variation dominated. In occupational settings with formaldehyde exposure, the opposite was generally found (Kromhout et al., 1993) . In industry, production factors considerably influence within-individual variability, whereas in the general population residential indoor concentration dominates. The low within-individual variability in our study reflects the large percentage of time the subjects spent at home, where the dayto-day variation is low. As could be expected, the withinindividual source of variation was reduced when the sampling period was extended from 24 h to 6 days (Rappaport et al., 1995) . Only one sample per individual would then be required to reduce the attenuation of a true exposureresponse relationship to 10%. We found no other study reporting the variability of formaldehyde exposure within and between individuals in the general population.
Validity
The subjects in our study were randomly selected, except for 10 subjects in campaign A working in our department. Therefore, we consider the subjects to be representative of the Swedish population. The diffusive GMD sampler has been validated in the work environment with relatively short sampling times and high concentrations (Levin et al., 1988; Levin and Lindahl, 1994) and also with longer sampling times and lower concentrations (unpublished results).
We measured formaldehyde concentrations only in bedrooms, but homogeneous concentrations can be assumed within the home (Dingle, 1993; Clarisse et al., 2003) . Garett et al. (1997) found higher concentrations in bedrooms than in kitchens and living rooms, and differences between studies may depend on formaldehyde sources and ventilation factors. Like Gonzalez-Flesca et al. (1999) , we chose bedrooms for the indoor measurements since people spend approximately half of their time in the bedroom when at home.
Guidelines and Risk Assessment
Personal exposure in the general population (median 23 mg/m 3 ) was within the guideline value range of 12-60 mg/m 3 (0.01-0.05 ppm) recommended in Sweden (Victorin, 1998) . Three of the 40 nonoccupationally exposed subjects in campaign B had a personal exposure level that exceeded 60 mg/m 3 . These three subjects, and another one, also had bedroom concentrations exceeding this guideline value. The Swedish guideline value is based on the irritative effects of formaldehyde. An uncertainty factor of 10 was applied to 120-600 mg/m 3 , where irritation to the eyes and upper airways may occur in sensitive individuals. In addition, for risk of cancer this dose-range was used as a socalled low-risk level (Victorin, 1998) , which represents a lifetime cancer risk of 1 Â 10 À5 in the Swedish population.
The European office of the WHO has drawn similar conclusions and recommends an air quality guideline value of 100 mg/m 3 as a 30-min average (WHO, 2000) . In contrast, the US EPA presents a unit risk estimate of 1.3 Â 10 À5 per mg/m 3 (US EPA, 2003). According to this risk assessment, an average lifetime exposure of 23 mg/m 3 would result in a lifetime cancer risk of 3 Â 10
À4
. The Swedish guideline is based upon the assumption that some degree of irritation is required for a cancer risk, that is, an assumption of a threshold, while the US EPA estimate is a linear extrapolation to zero without a threshold. These two different cancer risk estimates indicate that the risk of developing cancer in the general population from exposure to formaldehyde ranges from one to about 30 cancer cases per year in Sweden. This study shows that some single-family houses have remarkably high formaldehyde concentrations (4100 mg/m 3 ). If environmental health authorities do consider screening for formaldehyde indoors, self-administrated diffusive samplers could be an appropriate technique (Lindahl et al., 1999) .
Conclusions
This study has shown that personal exposure is well reflected by indoor measurements due to the large amount of time we spend indoors, where the major sources of formaldehyde are found. Fixed outdoor sampling cannot be used for personal exposure assessment. Subjects living in single-family houses were found to be exposed to higher formaldehyde levels compared to subjects living in apartments. A minor part of the general population is exposed to airborne concentrations of formaldehyde at levels associated with sensory irritation. The lifetime cancer risk is highly dependent on whether the risk model includes a threshold or not.
